Alkalimicrobium pacificum gen. nov., sp. nov., a marine bacterium in the family Rhodobacteraceae
A Gram-stain-negative, aerobic, non-motile, rod-shaped bacterium, designated strain F15 T , was isolated from a deep-sea sediment of the western Pacific Ocean. The temperature, pH and NaCl ranges for growth were 4-50 8C, pH 6-11 and 0-10 % (w/v), respectively. Strain F15 T showed the highest 16S rRNA gene sequence similarity to Sagittula stellata E-37 T (96.4 %), T comprised significant amounts of phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, one unidentified glycolipid and one unidentified phospholipid. The predominant cellular fatty acids were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c, 40.2 %), anteiso-C 15 : 0 (30.4 %) and anteiso-C 17 : 0 (9.7 %). The genomic DNA G+C content of strain F15 T was 60.2 mol% and the major respiratory quinone was Q-10. On the basis of phenotypic, phylogenetic and chemotaxonomic data, strain F15 T is considered to represent a novel species of a new genus within the family Rhodobacteraceae, for which the name Alkalimicrobium pacificum gen. nov., sp. nov. is proposed. The type strain is F15 T (5LMG 28107 T 5JCM 19851 T 5CGMCC 1.12763 T 5MCCC 1A09948 T ).
The family Rhodobacteraceae belonging to the order Rhodobacterales, class Alphaproteobacteria, phylum Proteobacteria, comprises 104 genera at the time of writing (see List of Prokaryotic Names with Standing in Nomenclature, http://www.bacterio.net/-classifgenerafamilies.html). The rapidly increasing number of genus and species descriptions within the family Rhodobacteraceae reflects the physiological and genetic diversity found for these organisms, but has led to phylogenetic uncertainties and made several reclassifications necessary (Brinkhoff et al., 2008) . Many bacteria affiliated with the family Rhodobacteraceae have been isolated from diverse marine habitats, from coastal to open oceans and from sea ice to sea floor (Buchan et al., 2005) , but frequently also from a variety of nonmarine habitats, like activated sludge (Maszenan et al., 1997; Zhang et al., 2012) , fresh water (Chen et al., 2013; Liu et al., 2010) and solar salterns (Choi & Cho, 2006) . In the course of investigations of bacterial diversity in sediments collected from the western Pacific Ocean, strain F15
T was obtained from a deep-sea sediment (27118 m; 1418 59.79E 108 59.79N). In this study, strain F15 T was characterized using a polyphasic approach, and it is proposed that strain F15
T represents a novel species in a new genus.
The sediment sample collected from the western Pacific Ocean was diluted decimally with sterile seawater, plated on basic agar medium (1 l natural seawater, 20 g agar, pH 7.2-7.5) and incubated at 28 8C for 3 weeks. Isolated colonies on the plates were streaked on the same medium under the same conditions until pure cultures were obtained. Subsequently, the organism was maintained on modified ZoBell 2216E agar (MZ2; 5 g peptone, 1 g yeast extract, 34 g NaCl, 20 g agar, 1 l distilled water, pH 7.4) at 4 8C and as glycerol suspensions (20 %, v/v) at 280 8C.
Genomic DNA extraction and PCR amplification of the 16S rRNA gene of strain F15 T were carried out as described by Li et al. (2007) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . All sequence alignments were analysed with the MEGA6 software package (Tamura et al., 2013) . For the maximumlikelihood (ML) analysis, the best-fit model for nucleotide substitution was selected from 24 models using MEGA6, based on minimum Bayesian Information Criterion value. The best model in this study was the Kimura twoparameter model with gamma-distributed rates plus invariant sites. A ML tree was built using the best-fit model and nearest-neighbour interchange for the ML heuristic method. For the neighbour-joining (NJ) analysis, the average pairwise Jukes-Cantor distance was chosen to determine whether the sequence data were suitable for estimating a NJ tree. The average distance in this study was 0.11, which was ,1.0 and was quite suitable for reconstructing a NJ tree (Nei & Kumar, 2000) . The NJ tree was reconstructed using the maximum composite likelihood method, and the rate variation among sites was modelled with a gamma distribution (gamma parameter50.1 in this study). For the maximum-parsimony (MP) analysis, the subtree pruning-regrafting method was used with the default setting of 10 trees. All the ML, NJ and MP trees were reconstructed with partial deletion of gaps and the robustness of tree topologies was assessed by bootstrap analyses based on 1000 replications for the NJ and MP methods and 100 replications for the ML method.
The almost-complete 16S rRNA gene sequence (1411 nt) (positions 8-1511, according to the Escherichia coli numbering system of Brosius et al., 1978) T , which were obtained from the German Collection of Microorganisms (DSMZ), and M. alba CGMCC 1.7290 T , obtained from the China General Microbiological Culture Collection Center, were used as reference strains and were evaluated under identical experimental conditions as those used for strain F15 T .
Cell morphology was observed with a light microscope (BH-2; Olympus) and by transmission electron microscopy (H-600; Hitachi) using cells that had been grown for 12-18 h on MZ2 medium. Gram staining was carried out by the standard Gram reaction as described by Cerny (1978) . Growth at various temperatures (4, 10, 15, 20, 25, 30, 35, 37, 40, 43, 45, 50 and 55 8C) and pH 5.0-12.0 (in increments of 1 pH unit) were assessed during 30 days of incubation. For determination of NaCl tolerance, MZ2 medium was used as the basal medium with 0, 0.5, 1, 3, 3.5, 5, 7, 10, 12 and 15 % (w/v) NaCl. Cell motility was confirmed by the development of turbidity throughout a tube containing semisolid medium (Leifson, 1960) . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Anaerobic growth was examined in serum bottles that were filled with a mixture of cysteine (0.001 g l
21
) added to nutrient broth, replacing the upper air layer with nitrogen. Nitrate reduction, methyl red test, Voges-Proskauer reaction, production of H 2 S, indole and urease, and hydrolysis of cellulose, gelatin, starch, casein and Tweens 20, 60 and 80 were determined as described by Xu et al. (2007) . Further physiological and biochemical characteristics were determined using the API 20NE and API ZYM systems (bioMérieux) and Biolog GN2 MicroPlate panels, according to the instructions of the manufacturer.
Cells of strain F15
T were non-motile, Gram-stain-negative and rod-shaped, 0.7-1.2 mm in diameter and 1.6-3.4 mm in length (Fig. 2) . Colonies were cream-yellow, 1.3-1.8 mm in diameter, uniformly circular, convex, smooth, moist and slightly transparent after growth on MZ2 medium at 28 8C for 6 days. The organism grew at 4-50 8C and pH 6.0-11.0. Optimum temperature for growth was 35-37 8C and the optimal pH was 7.0-8.0. Growth occurred in the presence of 0-10 % (w/v) NaCl, with optimal growth in 3.5 % (w/v) NaCl. Strain F15 T tested positive for the activity of catalase and oxidase, nitrate reduction and hydrolysis of gelatin, casein and Tween 80; but gave negative results for H 2 S, indole and urease production, methyl red test, Voges-Proskauer reaction and hydrolysis of cellulose, starch and Tweens 20 and 60. Additional phenotypic properties are given in Table 1 and in the species description below. In a comparison of phenotypic characteristics of strain F15
T and its closest phylogenetic neighbours ( For chemotaxonomic analyses, cells were obtained from cultures grown on MZ2 for 3-4 days at 25 8C or 37 8C. Fatty acids were saponified, methylated and extracted using the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.1). The fatty acids were analysed by GC (GC6850; Agilent) and identified by using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted and analysed according to the procedures described by Kates (1986) . Extracted lipids were separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 4, by vol.) for the first dimension and chloroform/methanol/ acetic acid/water (85 : 12 : 15 : 4, by vol.) for the second dimension. Isoprenoid quinones were extracted according to the method of Collins et al. (1977) and analysed using reversed-phase HPLC. The isoprenoid quinones were eluted by a mixture of methanol/2-propanol (2 : 1, v/v), using a flow rate of 1 ml min 21 at 40 8C and detected by UV absorbance at 240 and 275 nm. The DNA G+C content was determined by the method of Mesbah et al. (1989) . The major fatty acids identified in strain F15
T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c, 40.2 %) anteiso-C 15 : 0 (30.4 %) and anteiso-C 17 : 0 (9.7 %). The presence of C 18 : 1 v7c as the predominant fatty acid was one feature found for the majority of taxa within the class Alphaproteobacteria (Martens et al., 2006) . However, the presence of significant amounts of iso-and anteisomethyl-branched fatty acids distinguished strain F15 T from members of the genera Ponticoccus, Sagittula, Antarctobacter and Mameliella. The detailed fatty acid compositions of strain F15
T and its most closely related type strains are compared in Table 2 . The only respiratory ubiquinone detected in strain F15
T was Q-10. The polar lipid profile of strain F15
T comprised significant amounts of phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, one unidentified glycolipid and one unidentified phospholipid, with small amounts of one unidentified lipid and two unidentified glycolipids (Fig. S3) . The genomic DNA G+C content of strain F15
T was 60.2 mol%.
On the basis of data collected using a polyphasic approach, strain F15 T is considered to represent a novel species of a new genus within the Roseobacter clade of the order 0-10 0.5-10 0.5-10 0.5-10 0.5-8 Optimum NaCl (%) 3.5 1 1 3.5 3-3.5 pH range 6-11 5.5-7 5.5-7 5.5-7 5. Rhodobacterales, for which the name Alkalimicrobium pacificum gen. nov., sp. nov. is proposed.
Description of Alkalimicrobium gen. nov
Alkalimicrobium [Al.ka.li.mi.cro9bi.um. N.L. n. alkali (from Arabic article al the; Arabic n. qaliy ashes of saltwort) alkali; N.L. neut. n. microbium (from Gr. adj. mikros small; and Gr. masc. n. bios life) a microbe; N.L. neut. n. alkalimicrobium a small microbe loving alkaline conditions].
Cells are Gram-stain-negative, non-motile and rod-shaped. Growth is strictly aerobic. Oxidase-and catalase-positive. The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, one unidentified glycolipid and one unidentified phospholipid. The isoprenoid quinone is Q-10. Dominant cellular fatty acids are summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), anteiso-C 15 : 0 and anteiso-C 17 : 0 . The DNA G+C content of the type strain of the type species is 60.2 mol%. Phylogenetically, the genus is a member of the family Rhodobacteraceae. The type species is Alkalimicrobium pacificum.
Description of Alkalimicrobium pacificum sp. nov
Alkalimicrobium pacificum (pa.ci9fi.cum. L. neut. adj. pacificum pertaining to the Pacific Ocean from which the type strain was isolated).
Cells are Gram-stain-negative, non-motile and rod-shaped, 0.7-1.2 mm in diameter and 1.6-3.4 mm in length. Colonies are cream-yellow, 1.3-1.8 mm in diameter, uniformly circular, convex, smooth, moist and slightly transparent after growth on MZ2 medium at 28 uC for 6 days. The organism grows at 4-50 uC and pH 6.0-11.0. Optimum temperature for growth is 35-37 uC and the optimal pH is 7.0-8.0. Growth occurs in the presence of 0-10 % (w/v) NaCl, with optimal growth in 3.5 % (w/v) NaCl. Positive for the activity of catalase and oxidase, nitrate reduction and hydrolysis of gelatin, casein and Tween 80; but negative for H 2 S, indole and urease production, methyl red test, Voges-Proskauer reaction and hydrolysis of cellulose, starch and Tweens 20 and 60. In the API ZYM strip, positive for the activity of alkaline phosphatase, esterase (C4), esterase lipase (C8) and leucine arylamidase; weakly positive for the activity of lipase (C14), valine arylamidase, cystine arylamidase and naphthol-AS-BI-phosphohydrolase; negative for the activity of acid phosphatase, a-glucosidase, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, b-glucosidase, a-mannosidase, a-chymotrypsin, b-glucuronidase, trypsin and a-fucosidase. In the API 20NE strip, positive for nitrate reduction and hydrolysis of aesculin, gelatin and p-nitrophenyl-b-D-galactopyranoside; negative for indole production, glucose fermentation, activity of arginine dihydrolase and urease, and assimilation of D-glucose, D-mannose, maltose, L-arabinose, D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid and N-acetylglucosamine. In the Biolog GN2 MicroPlate, positive for the oxidation of monomethyl succinate, acetic acid, succinic acid, succinamic acid, L-phenylalanine, a-cyclodextrin and Tweens 40 and 80; negative for the oxidation of dextrin, gly- 
